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Abstrak. Tujuan penulisan artikel ini adalah untuk memaparkan hasil perancangan 
pencahayaan ruang ibadat dengan metode simulasi untuk menjawab kebutuhan fungsi dan 
suasana. Perancangan pencahayaan ruang ibadat pada umumnya masih belum menggunakan 
pendekatan terpadu. Permasalahan yang umum dihadapi ruang ibadat khususnya gereja 
dan/atau kapel adalah cahaya yang terlalu silau atau terlalu buram pada beberapa kasus. Hasil 
kegiatan pengabdian berupa perencanaan pencahayaan Gereja Santa Theresia Sedayu dan 
Kapel SMA de Britto dengan metode simulasi digital diharapkan dapat memberikan gambaran 
mendesain pencahayaan dengan metode yang lebih terukur dan dapat memenuhi kebutuhan 
akan suasana. Simulasi pencahayaan pada kedua kasus tersebut menggunakan perangkat lunak 
DIALux evo. Hasil simulasi adalah perancangan pencahayaan yang memenuhi standar 
pencahayaan sekaligus memberikan suasana sakral. Penyelesaian masalah pencahayaan 
dengan simulasi digital adalah salah satu metode untuk merancang yang lebih terukur dan 
dapat memenuhi kebutuhan suasana. Pengukuran lapangan hasil aplikasi desain tata cahaya 
dapat dilakukan untuk mengukur tingkat pencapaian dan validasi hasil simulasi. 
Kata kunci: simulasi digital, ruang ibadat, tata cahaya, gereja 
Abstract. This article aims to describe the results of the lighting design for the prayer room 
using a simulation method to answer the needs of function and ambience. In general, the 
lighting design for prayer rooms does not use an integrated approach. A common problem 
faced by prayer rooms, especially churches and chapels, is too glaring or too dim in some 
cases. The results of the community service activities in the form of lighting planning for the 
Church of Santa Theresia Sedayu and Chapel of SMA de Britto with the digital simulation 
method expect to provide an overview of designing lighting with a more measured method 
that can meet the needs of the ambience. Lighting simulation in both cases uses DIALux Evo 
software. The simulation result shows that the lighting design meets lighting standards and is 
able to provide a sacred atmosphere. Concerning the study, solving lighting problems with the 
digital simulation as the method is more scalable and can meet the ambience needs. Field 
measurements of the lighting design results can be carried out in the future to measure the 
simulation's level of achievement and validation. 
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1. Introduction 
The design of artificial lighting for non-profit building is still based on habits and instinct including 
the design of artificial lighting for churches. The planning of artificial lighting design for churches 
usually focuses more on building sacred nuance but does not concern the lighting standard. This can 
be seen on some cases in church lighting such as glare [1] and dim lighting [2]. The glaring and dim 
lighting may cause inconvenience for the worshipers when praying. Church lighting needs to pay 
attention on the functional needs (quantitative) and ambience need (qualitative). The lighting design 
also needs to pay attention on the standard lighting for churches [3], glorious and monumental nuance 
[4], the lighting colors, lighting selection, and types of lighting [5]. The compliance of the lighting 
needs and standards will build a solemn and peaceful mood. 
Combining direct and indirect lighting can build an ambience and give suitable amount of 
lighting for the church’s needs. Direct lighting refers to direct lighting distribution [6]. Meanwhile, 
indirect lighting refers the lighting that is shot to the ceiling or upper side walls and is reflected to 
illuminate all the room [7]. The two types of light distribution play important role in complying the 
standard and creating a sacred atmosphere. Regarding the situation, simulation method can be helpful 
to create the ambience and fulfill the functional needs. The simulation allows designers to find 
lighting that is not standard [8][9]. Besides that, the simulation can answer the problems of lighting by 
designing solution that meets the standard [10][11][12][13][14][15]. Simulation is considered to be 
necessary to see whether a design has complied the standard so inconvenience can be minimalized.  
 
2. Object Description 
The simulation objects are St. Theresia Sedayu Church and SMU Kolese de Britto Chapel, that are 
located in Province of D.I. Yogyakarta. The simulation of the two objects is a part of Universitas 
Atma Jaya Yogyakarta social service. The combination of direct and indirect lighting is used to fulfill 
the quantitative needs and create solemn and glorious ambience on the two objects.  
 
2.1. Church of Santa Theresia Sedayu 
This is a catholic church that facilitates people and administrators of the church to worship. The 
making of artificial lighting of this church is considering the shape of the room, the color, the lighting 
technique and types of the lamps, and the lighting point. The total area of the church building is ± 
1510 m2 with the ground floor area of ± 870 m2 and the second floor (balcony) area of ± 640 m2. The 
height of the building is 20.5 m with the altar height of 1.2 m and the altar ceiling of 3.7m.  
  
Figure 1. Interior of Santa Theresia Sedayu Church 
From Figure 1, it can be seen that the church uses brown and white colors as the dominant 
colors. The church interior concept that blends with nature influence the dominance of the two colors 
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in the room. This will affect the selection of lamp types and the power. In Table 1, it can be seen that 
the material plays important role in the lighting especially in terms of reflecting the light. The material 
of roughcast plastering white has high level of light reflection. Meanwhile, the wooden material has 
low level of light reflection, but it can be solved with the addition of reflective coating.   
 
Tabel 1. Church Material and Setting DIALux Evo 









1 Transparent glass Windows 0.13 - 0.13 1.500 
2 White pea wood Ceiling, doors 0.24 0.04 - - 
3 Roughcast plastering white Columns  0.86 0 - - 
4 Painted FrontCol Walls 0.63 0.39 - - 
5 Brown beige paint Walls and ceiling 0.07 0.27 - - 
6 Brown tiles Floor 0.40 0.12 - - 
7 Bamboo 
Ceiling below the 
balcony 
0.55 0.76 - - 
2.2. SMA Kolese De Britto Chapel 
This chapel is a catholic prayer place to facilitate the members of SMA Kolose De Britto. The setting 
of the church artificial lighting considers the shape of the room, the color, the lighting technique and 
types of the lamps, and the lighting point. The total area of the church building is ± 922 m2 with the 
first-floor area of ± 700 m2 and the second floor (balcony) area of ± 230 m2. The height of the 
building is 14.50 m with the altar height of 0.75 m and the altar ceiling of 5.4 m. Figure 2 shows that 
the chapel uses dominant colors of brown and white. The ceiling uses colored UPVC and wood 
pattern with exposed sawhorse. Yellow glass material is the compensation of the ventilation 
application so that the lighting level is close to the existing condition.  
 
Figure 2. Interior of De Britto Chappel 
Table 2 shows that the materials play important role in lighting application especially in 
reflecting the lights. The material of white wall has higher reflectance level. Meanwhile, UPVC 
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Table 2. Chapel Material and Setting Dialux Evo 









1 Yellow glass Windows 0.35 - 0.60 1.050 
2 White wall paint Walls 0.85 0 - - 
3 Palisander wood Sawhorse 0.08 0.40 - - 
4 Light oak 1 wood Floor 0.46 0.04 - - 
5 Light oak 2 wood Ceiling  0.46 0.25 - - 




3.1. Literature Study for functional and nuance need analysis 
Table 3 shows the lighting quantitative standard for prayer room based on recommended average 
lighting level, rendering level, and the color temperature. Calm and peaceful lighting concepts can be 
obtained by designing the light quantity a little lower than the standard. Quantitatively, the lighting 
level for the nave is designed to be 100-150 lux, while the altar area 150-200 lux. For the qualitative 
aspect, the design completion needs to be supported with literature studies because qualitative aspects 
do not have fixed standard. The literature studies are used to avoid subjective assessment.  
Lights have symbolic meaning in Catholic teaching, which is the representation of Jesus Christ 
who dispels darkness and purifies people from sins [16]. The lighting is focused on the center of the 
church (nave) to the altar by displaying enlarging lighting to focus the view on the altar [17]. The 
fulfilment of qualitative aspects is done by differentiating the lighting quantity in the altar and the 
nave. Besides that, it can be also done by the application and positioning of lamp types.  
 











Cool white  
3300 K – 5300 K 
Daylight  
> 5300 K 
Mosque 200 1 or 2  ♦  
Church 200 1 or 2  ♦  
Temple 200 1 or 2  ♦  
Source: SNI 03-6197-2000 
 
3.2. Studies on room geometry and responses on color concept and lighting 
Geometry and room opening will affect the lighting. Square-shape rooms with square opening are 
optimal using LED lighting, while beam rooms with rectangle opening does not have any differences 
between the use of fluorescent or LED [18]. Therefore, lighting selection needs to consider the room 
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Figure 3. Light Color Temperature 
Besides the choosing of lamp types, the colors of the lamps are also important to consider. The 
lamp color temperature is measured with the unit of Kelvin [19]. Figure 3 that is adapted from 
Livingston [20] shows that the higher the value, the more white-bluish (bright day lights) the color 
becomes, and the lower the value, the more red (sunrise/sunset) the color gets. General lighting and 
ambience lighting use shifting of color temperature from warm white to cool white (3000-3200 K). 
The value is chosen because it gives impression of magnificent, intimate but still comfortable to read. 
 
3.3. Studies on the selection of lighting sources (lamp types) and positioning of lighting 
According to Livingston, here are the types of lamps and the technical explanation [20]. Table 4 
shows that each type of lamps have weaknesses and strengths. The lamp used here is LED lamps to 
minimalize the energy usage [21]. Furthermore, the lamps need low maintenance costs since lamps 
have longer endurance.  
 
Tabel 4. Comparison of Lamp Types 




Incandescent Low Excellent 750 - 2000 $ $$$$ 
Halogen Low to mid Excellent 2000 - 5000 $$ $$$ 
Compact 
Fluorescent 
Mid to high Fair  10000 - 20000 $$$ $$ 
Linear 
Fluorescent 
Mid to high Fair 15000 - 45000 $$ $$ 
Metal Halide Mid to high Good to excellent 10000 - 30000 $$$ $$ 
LED Low to high Low to excellent 20000 - 50000 $$$$ $$ 
Source: Livingston, 2014 
 
The lighting concept can use the combination of direct and indirect lighting. Direct lighting is 
used for illuminating the activity and indirect lighting is used for giving ambience to the room. Direct 
lighting uses glazed lamp armature to give impression like lanterns. The aim is to produce softer lights 
and minimalize glare although using direct lighting. For indirect lighting, the lamps used are wide-
spot beam so that the light can be more centralized and can reach wider area. Spotlights are used in 
the structure columns and the lights are directed to the center of the ceilings in order to create 
magnificent ambience. Besides that, indirect lighting can also use cove lighting technique. This 
technique can conceal the lamps from the audience’ sight and glow the lights to the walls and ceilings. 
For the implementation, this technique uses LED strip lamps. Moreover, indirect lighting can also be 
used on the ceiling below the balcony with the main entrance to give peaceful and inviting ambience 
 
3.4. Studies on Simulation 
The lighting planning of the two prayer rooms can be classified into 4 stages such as 1) process to 
identify design details and concept application, 2) conceptual process of lighting technique, lamp 
types and position, 3) simulation process and artificial lighting simulation by considering quantitative 
and qualitative needs, and 4) process to create pre-design illustration concept. The focus of this 
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simulation study is on the light quantity of the tracing results on the observing spots and the ambience 
created from rendering the design visualization. The observing spot grid is positioned 1 m higher than 
the floor area with distance of 1 m between spots. The simulation is conducted using night-time 
scenario.  
 
3.5. Result Analysis Method 
Result analysis is conducted by comparing the results of design model simulation with the 
quantitative lighting standard and literature studies about lighting quality aspects. The best dominant 
value will be taken as the best design solution that will be used as the recommendation for improving 
the existing design, which later is made into schematic design pictures and 3D visualization.  
 
4. Results and Discussion 
 
4.1. Simulation of St Theresia Sedayu Church 
The result of the simulation (Figure 4), which was obtained from DIALux Evo software, shows the 
light dispersion in the first-floor nave and the balcony has met the eye sensitivity standard of 
Indonesian, which is 50 lux [23]. The simulation result (Table 5) shows the highest lighting in the 
altar and gamelan (a set of Javanese traditional music instruments) area is close to 200 lux. The other 
areas have the average of 150 lux. The lighting is focused on the altar and gamelan area because the 
gamelan area needs lighting qualitatively while the altar area needs qualitative and quantitative 
lighting. For other areas, the lighting is dimmer compared to the altar area in order to create 







Figure 4. Simulation Result based on DIALux evo of the first floor (left), Balcony (upper 
right), altar area (lower right) 
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Nave Perpendicular illuminance [lx] 
Height: 1.00 m 
132 0.006 427 
Altar Area Perpendicular illuminance [lx] 
Height: 1.50 m 
187 151 210 
Gamelan Area Perpendicular illuminance [lx] 
Height: 1.30 m 
186 140 217 
Balcony Area Perpendicular illuminance [lx] 
Height: 4.50 m 
125 67.2 335 
 
 
Table 6. Lighting of St Theresia Sedayu Church 
Quantity Luminaire (Luminous emittance) Lamp Type Light dispersion 
51 Philips - BN132C PSU L1200 1 xLED12S/840 
Lamp luminous flux: 1250 lm 
Power: 14.0 W 
Colorimetric data 
1xLED12S/840/-: CCT 3000 K, CRI 100   
15 Philips - DN130B D217 1xLED20S/840 
Lamp luminous flux: 2500 lm 
Power: 22.0 W 
Colorimetric data 
1xLED20S/840/-: CCT 3000 K, CRI 100   
40 Philips - ST320T 1 xLED39S/827 VWB 
Lamp luminous flux: 3750 lm 
Power: 31.5 W 
Colorimetric data 
1xLED39S/827/-: CCT 3000 K, CRI 100   
4 Philips - WL131V PSU D480 1 xLED34S/840 
Lamp luminous flux: 3400 lm 
Power: 38.0 W 
Colorimetric data 
1xLED34S/840/-: CCT 3000 K, CRI 100   
12 Philips - WL131V PSU D480 1 xLED34S/840 
Lamp luminous flux: 9001 lm 
Power: 90.0 W 
Colorimetric data 
1xLED34S/840/-: CCT 3000 K, CRI 100   
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Table 6 shows the total of lamp luminous flux as 372850 lm, the total of luminaire luminous 
flux as 369812 lm, total load of 3536.0 W, and luminous efficacy as 104.6 lm/W. The lamp types 
affect the energy needed for the lighting. LED lamps is more effective compared to fluorescent and 
light bulbs because LED lamps emit the least energy and produce high intensity of lighting [22]. The 
lamps used for general lighting are mostly Philips - BN132C PSU L1200 1 xLED12S/840 with 51 
lamps with tube shape and Philips - ST320T 1 xLED39S/827 VWB as many as 40 lamps as the 
spotlight. The combination of general lighting and spotlight is aimed to create the ambience that 
focuses on the altar with high intensity of lighting in this area.  
 
4.2. Lighting Simulation of De Britto Chapel 
The simulation results (Figure 6) obtained from DIALux Evo software shows that the light dispersion 
in the church complies SNI 03-6197-200 concerning the average lighting level as much as 200 lux. 
The highest light intensity is in the altar area considering the liturgical activity is focused here. The 
simulation results from DIALux Evo (Table 7) shows that on the nave area the average lighting level 
is around 100-150 lux. On the altar, the average lighting level is 200 lux in order to show function 
affirmation and attract the people’s visual focus. The material selection affects the light reflection in 
the room, while the types and the amount of the lighting affects the quantity of the lighting. The three 






Figure 5. (Clockwise) Dialux EVO rendering results, visual from altar perspective, visual of 
balcony to altar perspective (some lamps have not been installed), spotlight to ceiling for the 
magnificent nuance and as the ambience light 
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Ground floor and Altar Perpendicular illuminance [lx] 
Tinggi: 1.70 mtr 
155 73.4 262 
Balcony Perpendicular illuminance [lx] 
Tinggi: 4.20 mtr 
138 81 197 
Altar Perpendicular illuminance [lx] 
Tinggi: 2.65 mtr 










Table 8. Lighting of De Britto Chapel 
Quantity Luminaire (Luminous emittance) Lamp Types Dispersion 
3 Philips - DN130B D165 1xLED10S/840 
Lamp luminous flux: 1300 lm 
Power: 11.6 W 
Colorimetric data 
1xLED10S/840/-: CCT 3000 K, CRI 100  
 
20 Philips - ST315T PSU 1 xLED27S/PW930 FR60 
Lamp luminous flux: 2700 lm 
Power: 28.5 W 
Colorimetric data 
1xLED27S/PW930/-: CCT 3000 K, CRI 100   
Figure 6. Simulation results for the chapel, ground floor (left), balcony 
(upper right) and altar (lower right) 
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Quantity Luminaire (Luminous emittance) Lamp Types Dispersion 
104 Philips - ST320T 1 xLED39S/827 VWB 
Lamp luminous flux: 3750 lm 
Power: 31.5 W 
Colorimetric data 
1xLED39S/827/-: CCT 3000 K, CRI 100   
70 Philips - ST730T 1 xLED12S/827 WB 
Lamp luminous flux: 650 lm 
Power: 10.5 W 
Colorimetric data 
1xLED12S/827/-: CCT 3000 K, CRI 100   
According to Table 8, the total luminous flux lamp is 493400 lm, total luminaire luminous flux 
493784 lm, total load 4615.8 W, and luminous efficacy 107.0 lm/W. The lamps used here are mostly 
Philips - ST320T 1 xLED39S/827 VWB with the total of 104 pieces as spotlight lamps. Most of the 
lamps are spotlight lamps and only three are downlight lamps (Philips - DN130B D165 
1xLED10S/840). Indirect spotlight lamps are widely used in order to produce balanced lighting and 
prevent glare since the lightings are directed to the ceiling. As the result, the audience receives 
reflection lights. The lighting perceived by the audience is the reflection lighting, so it is comfortable 
for the audience. The balanced and even lighting in the observing area can be seen in Figure 6.  
 
5. Conclusion 
Lighting design for churches are important to create sacred atmosphere and to meet the lighting 
need standard. In St Theresia Sedayu Church, the simulation results show that in general the lighting 
has met the standard of Indonesian eye-sensitivity of 150 lux and the areas that still need more details 
in lighting are altar area and gamelan area as much as 200 lux. For De Britto Chapel, the simulation 
shows that the light dispersion meets the standard of SNI 03-6197-200 concerning lighting level for 
altar area as 200 lux and the eye-sensitivity standard of Indonesian for the nave area as 100-150 lux. 
The concept of solemn and peaceful lighting can be obtained by designing the light quantity a little 
lower to the standard without putting aside the eye-sensitivity standard of Indonesian. 
On both objects, the altar lighting has the highest lighting intensity among other areas. The 
reason is that the focus of the mass takes place in the altar. Besides that, light is the symbol of Jesus 
Christ’s presence in the mass. The application of direct and indirect lamps can produce quantitatively 
sufficient lighting and magnificent, peaceful, and inviting ambience in the rooms. The material 
selection, lighting position, lighting types, lighting colors, and the lighting amount will affect the 
quantity and quality of the lightings.  
The simulation method helps plan the artificial lighting for prayer rooms. This method gives 
confidence to planner to set the system, material, and lighting. Moreover, the method also helps 
planners and executors coordinate in building process, especially in the lamp instalment and the 
construction process. The validation of the simulation result can be done after the construction process 
is completed. This process is important to see the weakness of the simulation process or the used 
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